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1. Introduction 
Several physicochemical parameters indicate the 
existence of a great analogy between ovine (OGH) and 
bovine growth hormone (BGH) molecules, as reviewed 
in a previous paper [ 1] in which the following struc- 
tural analogies were also substantiated: identical amino 
acid sequence in their N-terminal peptides; identical 
sequence in the last thirteen amino acids of the chain; 
similar distribution of methionyl residues along the 
polypeptide chain and almost identical amino acid 
composition of cyanogen bromide fragments 1 and 2 
[ 1] in OGH with the segments of BGH occurring be- 
tween methionines 5- 12 1, 146- 176 and 12 1- 146 
[2], respectively. 
In the present paper we give the experimental data 
supporting the total sequence of cyanogen bromide 
fragment 2 (CNBr-2) in OGH. 
2. Material and methods 
These were as indicated in [l] and [3] unless stated 
otherwise. Tryptic cleavages were done in a pH-stat at 
pH 8.6 with a 1:66 weight ratio of enzyme to peptide. 
Peptic digestions were carried out during 16 hr at 37” 
in 5% formic acid with a 1:40 weight ratio of enzyme 
(Pepsin, 2X crystallized, Worthington Biochemicals) 
to substrate. Leucine aminopeptidase (Sigma) was used 
as indicated by Schroeder and Roger [4]. Partial acid 
hydrolysis was performed following the Tsung and 
Fraenkel-Conrat [5] instructions. 
The chromatographic fractionation of peptide mix- 
tures was done in a column 0.6 cm X 20 cm of a sul- 
fonic resin (Chromobeads Type C II, Technicon Corp., 
New -York) equilibrated and eluted at 60”) with a 
0.2 M pyridine acetate buffer pH 3.1, increasing 
linearly its pH and concentration to 5.0 and 2.0, 
respectively. Elution rates were usually between 15 ml 
and 24 ml per hr. 
3. Results and discussion 
Fig. la shows the result of the chromatographic 
fractionation of a tryptic digest of CNBr-2, and table 
1 indicates the amino acid composition of the pep- 
tides thus isolated, together with that of the starting 
peptide. 
Fig. lb shows the result of the chromatographic 
fractionation of T, partially hydrolyzed with acid; 
T,H, is free aspartic acid. The amino acid composi- 
tions and Edman degradations recorded in table 2 
established the total sequence of T,H, and the partial 
sequence of T,H, . 
On incubation of T, with leucine aminopeptidase 
the enzymatic action stopped after the liberation of 
the following amino acids, expressed in moles per 
mole of peptide: Arg: not determined, Glu: 1.84 and 
Leu 0.84. These results identified peptide T,H, as 
N-terminal in T,. The localization of T,H, at the 
other end of T, , with C-terminal arginine, as well as 
the placement of one aspartyl residue in a middle po- 
sition, joining both tetrapeptides, becomes the only 
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Fig. 1. Chromatographic fractionation of the peptides arising 
from: (a) tryptic hydrolysis of CNBr-2; (b) partial acid hydro- 
lysis of peptide T3. (See Materials and methods for details). 
alternative to explain all the following experimental 
facts: T, is a tryptic peptide, hence should have a 
basic amino acid in the C-terminal end; acid hydrolysis 
of T, liberates aspartic acid and two tetrapeptides 
(fig. 1 b); the amino acid composition of T&I2 plus 
that of T3H3 and an estimated amount of 1 mole of 
aspartic acid, account for the total composition of T3 
(tables 1 and 2); the detection of leucine aminopeptidase 
action after degrading the N-terminal tetrapeptide in 
T, is in line, according to its specificity [4], with the 
existence of an aspartyl residue in the next position, 
as postulated above. The negative charge shown by T, 
on paper electrophoresis at pH 6.5, supports this con- 
clusion. The sequence of T, is then established as: 
Arg-Glu-Leu-Glu-Asp-Val-Thr-Pro- Arg. 
Peptide T, incubated 3.5 hr with a mixture of 
carboxypeptidases A plus B liberated the following 
amino acids, expressed in moles per mole of peptide: 
Lys: 1 .OO; Leu: 0.69; Ile: 0.65 and Gln: 0.27. A short 
incubation of 30 min with carboxypeptidase B gave: 
Lys: 1 .OO; Leu: 0.45 and Be: 0.34. These results 
established the partial sequence: (Ala, Gly) 
Gln-Ile-Leu-Lys for T,. Two steps of Edman de- 
gradation gave the relative positions of the remaining 
Table 1 
Amino acid composition of CNBr-2 and of the peptides arising 
from its tryptic cleavage. 
Peptide 
Ammo acid - 
CNBr-2 Tr T2 T3 
___- -~ 
Ax 0.87 0.82 
Glx 0.95 0.90 
Leu 0.92 1.06 
Glx 0.95 0.90 
Asx 0.96 0.97 
Val 1.10 0.94 
Thr 1.02 1.03 
Pro 1.33 1.00 
Arg 0.87 0.82 
Ala 1.20 0.93 
Cly 1.10 0.93 
Glx 0.95 1.13 
Ile 0.87 1.04 
Leu 0.92 1.06 
f-Ys 0.90 0.93 
Glx 0.95 1.04 
Thr 1.02 1.12 
Tv 0.90 0.77 
Asx 0.96 0.95 
LYs 0.90 0.86 
Phe 1.09 0.91 
Asx 0.96 0.95 
Thr 1.02 1.12 
Asx 0.96 0.95 
Hoer n.d. 0.35 
~_____ 
Values are expressed as moles per mole of peptide. The amino 
acids are tabulated in descending order, starting from the N- 
terminus and following their correct sequence in each peptide; 
to those occurring more than once the corresponding fraction 
of the total value found in the analysis was assigned to each 
position. 
n.d.: not determined. 
amino acids. The composition of the residual peptide 
from T, after the first step was: Ala: 0; Gly: 1.05; 
Glu: 1.17;Ile: 1.08;Leu: 1.03 andLys: 0.70;the 
second step gave: Ala: 0; Gly: 0; Glu: 1.10; Ile: 1.02; 
Leu: 1.10 and Lys: 0.77. The sequence of T, was thus 
established as: Ala-Gly-Gln-Ile-Leu-Lys. 
The 5 Edman degradations of peptide T, showed 
in table 3 established the following sequence: 
Glx-Thr-Tyr-Asx-Lys- (Phe, Asx, Thr, Asx, Met). 
Peptide T, must be C-terminal in CNBr-2 since it is 
the only fragment containing homoserine. This con- 
clusion is strengthened by the result of a carboxypep- 
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Table 2 
Edman degradation of peptides TaH2 and iTaH3. 
Ammo acids (subtractive method) 
T3% T3H2 
Step 
Arg Glx Leu Glx Wal Thr Pro Arg 
0 0.98 1.00 1.20 1.00 0.89 1.12 0.93 1.08 
1 0 0.97 1.06 0.97 0.15 0.95 0.81 1.20 
2 0 0.37 1.00 1.00 0.14 0.41 1.03 0.97 
3 0 0.37 0.59 1.00 
~__ 
Values are expressed in moles per mole of peptide. The amino 
acids are presented in their correct sequence. Half of the total 
value found in the analysis was assigned to each glutamic acid 
in TsHs. The italicized values refer to the amino as- 
sumed to be lost at the indicated degradation step. 
Table 3 
Edman degradation of peptide T1. 
Step 
Amino acids (subtractive method) 
Glx Thr Tyr Asx Lys Phe Asx Thr Asx Hser 
0 1.04 1.120.77 0.95 0.86 0.910.95 1.120.9s 0.35 
1 0.52 1.06 0.91 1.08 0.91 0.95 1.08 1.06 1.08 n.d.. 
2 0.52 0.62 0.83 1.05 0.94 1.08 1.05 1.00 1.05 n.d. 
3 0.42 0.72027 1.03 0.92 1.00 1.03 1.00 1.03 n.d. 
4 0.73 0.75 0.33 0.75 0.88 1.13 1.00 1.00 1.00 n.d. 
5 0.69 0.82 0.28 0.96 0.48 1.04 1.00 1.00 1.00 n.d. 
Values are expressed as moles per mole of peptide. The amino 
acids are tabulated starting from the N-terminus and following 
their correct sequence in the peptide. To those occurring more 
than once, the corresponding fraction of the total value found 
in the analysis was assigned to each position. The italicized 
values refer to the amino acid assumed to be lost at the in- 
dicated degradation step. nd.: not determined. 
tidase A incubation of CNBr-2 which released, per 
mole of peptide, 0.93 mole of homoserine and 1.04 
mole of asparagine or threonine or, of a mixture of 
both compounds. This uncertainty was due to the 
fact that the particular program of elution applied on 
this run of the analyzer was not able to resolve these 
two amino acids into separate peaks. No aspartic acid 
was detected. 
Incubation of CNBr-2 with pepsin gave rise to eight 
peptides well resolved by the chromatographic proce- 
dure described in Materials and methods. Peptic frag- 
ments number 3 (P3) and 8 (Ps) had the amino acid 
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Table 4 
Amino acid composition of peptides Ps and Ps arising from CNBr-2 by peptic hydrolysis and Edman degradation of P,. 
Amino acids (subtractive method) 
Step 
P8 
Lys Glx Thr 
p3 
--- 
Tyr Asx Lys Phe Asx Thr Asx Hser 
0 0.94 0.98 1.11 1.04 0.89 0.94 1.01 0.92 1.18 0.92 0.66 
1 0 1.05 0.96 0.63 
2 0 0.23 1.00 0.61 
3 0 0.19 0.31 0.61 
-----~ ~-------__ 
Values are expressed in moles per mole of peptide. The amino acids are presented in their correct sequences Half of the total value 
found in the analysis was assigned to each glutamic acid in TsHs. The italicized values refer to the amino acid assumed to be lost 
at the indicated degradation step. 
composition indicated in table 4 where is also recorded 
the Edman degradation of P, . 
The amino acid compositions of P, and P, account 
for the composition of peptide T, plus an extra lysyl 
residue (located in P,). The presence of C-terminal 
homoserine in Pa justifies the relative positions assigned 
to P, and P, in table 4, and the extra lysyl residue in 
P, must coincide with the N-terminal lysine in T, , thus 
joining T, and T, in their proper order. 
Incubation of P, with leucine aminopeptidase 
liberated the following amino acids, expressed in moles 
per mole of peptide: Lys: not determined; Gln: 1.0; 
Thr: l.O;Tyr: 0.61;Asn: 0.61 andPhe: 0.61. 
At this stage of the structural study of CNBr-2 
there remains only one position left in which to place 
T, in the molecule, that is by joining its C-terminal 
end with the N-terminal end of T, . The complete 
sequence of CNBr-2 is thus established. 
The state of amidation of the aspartyl residue in P, , 
not yet clarified, could be deduced by the behaviour 
of CNBr-2 during paper electrophoresis at pH 6.5 where 
it proved to be neutral: this balance of electrical 
charges can only be reached if the /3-carboxyl of that 
amino acid is free. 
In fig. 2 is shown the primary structure of the 
region in OGH giving rise to CNBr-2 compared to its 
homologous zone in BGH [2] There are only two 
differences between both hormones: glycine 127 in 
BGH is replaced by valine in OGH, and the micro- 
heterogeneity displayed by BGH in position 124 [6,7] 
is not present in OGH. 
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